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X = Y ng+r
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u ∈ Z ¥kw`$z_U=¯ljSU!za^0
∂J(u) = {η ∈ Z, J(u)+ < η, (x − u) >Z≤ J(x), ∀x ∈ Z}
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G∗(u) = sup
x∈Z
















u ∈ X 0
(∇u)(i, j) = ((∂1u)(i, j), (∂2u)(i, j))
Ñ)_!+Ò
∇u kw`$vIjU=U=TVU=j0bfgio Y 
(∂1u)(i, j) =
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ū = ΠK(ū − tη)















k − tk η
k
||ηk||2 )
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limk→∞ tk = 0
ÝäM ∑∞
k=0 tk = ∞
B;ãPÏSÜ=ä
limk→∞ J(uk) = infu∈K J(u)
ÝäM
limk→∞ d(uk, U) = 0Ð ÏlÜèdÜ d(·, ·) àwå'ãSÏlÜ¿Ñ
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|J(u) − J(v)| ≤ L||u − v||2
Ñ   i+Ò
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k − J̄ ≤ O(1)LD√
k
Ñ   +ùiÒ
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+U=rnhiU!jleU0
Í  ´a¸  ´ Æ 6ý}*Î æ3Õ
||∇J(u) −∇J(v)||2 ≤ L′||u − v||2
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BV (Ω) = {u ∈ L1(Ω), sup
{ξ∈C1c (Ω; ã 2),‖ξ‖L∞(Ω)≤1}
∫
Ω
u(x)div(ξ(x))dx < ∞} Ñ)_ SMÒ














G = {v, ||v||G < ∞}
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ä ||sin(nx)||L2([0,2π]) = π ∀n ∈ å
ä ||sin(nx)||G([0,2π]) = 1/n ∀n ∈ å
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{TV (u) + µ
∑
i,j
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{J1(u) + λ inf
g∈Y,div(g)=f−u
{||g||∞)}}










ê  ¸¸  OQPSU¯lr{`tb$kwz_U!vDkw`QbdPlvIbf¡#U'e!vIjl`cULbnPSU
e{PlvIjlhiUgIoMvirdkwvIlU10































L∞  jSgirnT a^×v L2  jSgirnT kj Ñ)_   Ò¥;¡Uh+UbDbdPSUTVg_z_U=$gioXL`dPSU!r  \agiÈ  ç­U!`dUÌ^ I-`)
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ó;´ Æ×Æ¢ ñQpìôÎ æ
φ : Y → Y àwå
â{ÚäõMÜ÷öÝIäMÞ~èdÚnÞlÜèCB A àwå'ÝVßmàéäFÜ{Ýè
ÚnÞlÜ=èdÝã Úè­æ{èdÚIÛ X ã¤Ú Y B­ãSÏlÝãâ{ÝIäG{ÜM+Ünâ{ÚIÛfÞlÚMå=ÜCM±F_äMiÜ=èãSÏlÜ;æÚIèÛ
Au = A0u + b
ãPÏSÜ=äÕ







J(g) = φ(∇(f − div(g))) Ñ)_  0Ò
¦6g+rdU!giU!r!¥ ∇(f − div(g)) = A0g + b ¥S¡$kbdP b = ∇f vijlz0







ko |gi|2 > 0












ko |(Ag)i|2 > 0
0
gibdPSU!rd¡$kw`dU Ñ)_  0Ò
XjVbnPSUAySkª_U=w`5¡$PSU!rdU |∇(f −div(gn))|2 z_g
jlgIb;vIjlk`dP¥+bdPSUhir{viz_kU=j0b5gIo~bnPSU J oSjlebdkgijlviBkw`0































e!vIj¢FUUª_ySrnU!`n`cU,z×vi` ∇(div(p)) ¥#ogirË`dgiTVU p ¡$kbdP |pi|2 ≤ 1 ∀i Ì\ag«bnPlvb
|(div(p))i| = |a + b + c + d| ≤ 4
og+rf`cg+TVU










































bnPSUfrnU!`dSbn`5¡$kbdPx$lz_kj  XL`cPSU!r  £ vIbdU!TDklTDg_z_U!2­OQPSU l2  jSg+rdT`­gioFbnPSUArnU!`dkwz_lvIw`­kjVbdPSULOg+y  x$kh+P0bÑ2O$xAÒQkTvIhiU
vijlzkjbnPSUÌ2gIbdbdg+T  x$khiP0b
ÑH2QxAÒfkTvIh+U'vIrnUbdPSU`nvITVU+V¤b`dU=U!TV`$bdPlvIbxfX £ TVg_z_U=yFU=rdogirnT`QU=+U=jBU=bcbdU!r$bdPBvIjÍl¦6U!^iU!r!¨ `QTVgazSU=)








BV −L1 TVgazSU=~BgibdPgi_bnyBU!rcog+rdT¬ÍDS¦6U=^+U=r,¨ `TVg_z_U=Fog+rf`cg+TDUAbnv+`c²_`gIokTvIh+ULzSU!eg+TVyBg0`ckbdkgij
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λ|u − f |pp + J1(u)
Ñ2S _,Ò
og+r
p ∈]1,∞[ L«UDTDkjSkTVk!UbnPSUbngIb{vIvIrnkvIbdkgij.`dS_stU!ebbngv lp e=gijl`cbdr{vIkj0b!LØPSU=j p = 2bnPSkw`$TVgazSU=kw`QbdPSU
xfX £ TVg_z_U!n^ i+`¤­ UbnrdU,vbQbdPSU




Λ : X → Y z_U!jSgIbnU!`LvkjSU,vIrLz_kmú~U=rnU=j0bnkvigiyFU=r{vbngir, Λ∗ : Y → X kw`kmb{`z_BvIg+yBU!rnvIbdg+r!v2^zSU¯ljSkbdkgij¥_ogirfvij0^
u ∈ X ¥ q ∈ Y ¥_¡U'PlvMiUÖ0















'4CI,.-ÿ @ 7J:3  G  1üHÿ&<K,K*LAMNBOPO7Q
i A Ü=àwånåCBEDF<G{Ü=èãHB6IfßÝä~â çJLK èdÝ-F<M
\Ub
F : X → Y vIjBz G : Y → Y BUbt¡geg+jaiUªySrngiyFU=roSjlebdkgijl`!{\Ub P ¥~BUbdPlUySrnkTVviylrdg+SU!T¥0
inf
u∈X











BU6bnPSU `dgi_bnkg+jl`gIo P vIjlz P∗ rdU,`cyFU!ebdkiU!^+ OQPSg0`cU.`dgi_bnkg+jl`ËvIrnU6rnU=wvbdU,zbnPSrngiSh+PbnPSU'UªabdrnU=Tvikbt^rdU!vIbdkgijl`¿0
F (ū) + F ∗(Λ∗q̄) =< Λ∗q̄, ū >X
Ñ2S i+Ò












p′ = ∞ ØPSU=j p = ∞ ¥ p′ = 1 
ê  ¸<	#¸ ,ð,ð ¸ ï ö wòQ Ó ÏSÜ1M-FlÝIßaÞFèdÚGßÜÛ Útæ1ì7RjÒSîS]òDàwåM+ÜUT;äFÜCM¡G3V±Õ
inf
{q∈Y,||q||∞≤1}





β = (λp)−1/(p−1) − λ(λp)−p′ Ñ2S Iü0Ò
ê  ¸¸  V jg+Srfe=v+`cU
Λ = ∇ ¥ Λ∗ = −div ¥ F (u) = λ|u − f |pp ¥SvIjBz G(q) = ||q||1 
£ krn`cb!¥S¡UrdU,e=vi~bnPlvbQorngiTJWiwz_U=r$kjSU,±+BvIkmbt^Ë¡UPlvMiUogir p ∈ [1,∞[∪{∞} 0
sup
{r∈Y,||r||p=t}

























`dUb {q ∈ Y, ||q||∞ ≤ 1} 
£ gir 1 < p < ∞ 0
F ∗(−div(q)) := sup
u∈X
< −div(q), u >X −λ|u − f |pp
Ñ2S   Ò
= sup
v∈X
< −div(q), (v + f) >X −λ|v|pp
Ñ2S ++Ò




− < div(q), v >X −λtp
Ñ2S i0Ò









t → t|div(q)|p′ −
λtp
 Ç g+kjlhV`dgl¥_¡UL¯ljlz
β = (λp)−1/(p−1) − λ(λp)−p′ 

ê  ¸<	#¸ ,ð,ð ¸ ï ö ý} Ó ÏSÜVÜö+ã)èdÜ=ÛVÝIßáàéãXV èdÜ=ßÝIã2àpÚIäSåÝßéßÚ Ð ã ÚVåÏSÚ Ð Õ
ū = f − βp′|div(q)|p′−2div(q̄) Ñpl +Ò
ê  ¸¸  £ kr{`tbf¡UrdU,e=vIFbdPlvIb F ∗∗(u) = F (u) 
\agVbnPlvb
F (ū) = supv∈X < ū, v >X −F ∗(v)

OQPSU¯Brn`cb$UªabdrnU=TvIkbt^ËrdU!vIbdkgijvIw`cgVhikiU,`
F (ū) =< −div(q̄), ū >X −F ∗(−div(q̄))

OQPSg0`cUbt¡gU!±0lvbnkg+jl`kTVyS^
bnPlvb −div(q̄) e=vijleU!`bnPSUfz_U=rnkMvIbdkiUQgIo v →< ū, v >X −F ∗(v) \agVbnPlvb{0








z_U,`de=U=j0b'bdg.`dgiiUVkb! £ g+r p = 2 ¥u
­W#PlvITBg+Ukj^áù¦`¤¥­ySrngiyFg+`dU!zÂv.eg+jaiU=rnhiU!j0b'vih+girnkmbnPST bng>`dgiiUËySrngilU!T Ñ2S +ùMÒV jÃ^ ü-`PSUrdU!TVvird²_`bnPlvbbdPSU
yFU=rdogirnTvIjle=U!`gIoSbnPSkw`vih+girnkmbnPSTû`cU!U=T[bngFU$`ckh+P0bd^Lkj_oU!rdkgir,¥MbdgbdPSUQySrngIstU,ebnU!z'h+rnv+z_kU!j0bz_U,`de=U=j0b!
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+ A Ü=àwånåCBEDF<G{Ü=èãHB6IfßÝä~â çJLK èdÝ-F<M
úvut Â¢z










ê  ¸<	#¸ ,ð,ð ¸ ï ö 6 Ó ÏSÜ1M-FlÝIßaÞFèdÚGßÜÛ Útæ1ì7RjÒZYBS]òDàwåM+ÜUT;äFÜCM¡G3V±Õ
inf
{q∈Y,||q||∞≤1}








ê  ¸<	#¸ ,ð,ð ¸ ï ö wñQ*Î æ
div(q̄) 6= 0 B5ãPÏSÜ=ä>ãPÏSÜÜ÷ö+ã2ènÜÛÝßáàéãZVèdÜ=ßÝã)àpÚälå'ßÜ{ÝjMã¤Ú±Õ









γi ≥ 0 ∀i ∈ {1, 2, ..., n}
|γ|1 = 1
γi = 0
à æ |(div(q̄))i| < |div(q̄)|∞
Ñ2Sáù  Ò
ê  ¸¸  /A`dkjShDbnPSU¯lr{`tbfU=ª0bnrdU!TvIkmbt^rnU=wvbnkg+j¥SvIjlzbdPlUopvieb$bnPlvb
F ∗∗ = F
¥_¡#Uh+Ub30




< ū, u >X −F ∗(u)
Ñ2Sáù+Ò
OQPSkw`$kTVySkU!`$bdPlvIbX0






v 6= 0 ¥abdPSU!j_0













γi ≥ 0 ∀i ∈ {1, 2, ..., n}
|γ|1 = 1
γi = 0

















ê  ¸<	#¸ ,ð,ð ¸ ï ö  ö 
(∇ū)i = |(∇ū)i|2q̄i
Ñ2S üi0Ò
ê  ¸¸ 
G(∇ū) = G∗∗(∇ū) Ñ2S üS,Ò
= sup
q∈Y
< ∇ū, q >Y −G∗(q)
Ñ2S ü+iÒ
= < −q̄,∇ū >Y −G∗(−q̄)
Ñpl ü++Ò
OQPal` −q̄ `cg++U!`;ySrdg+SU=T Ñpl ü0Ò5OQPSkw`#^0kU=wzS`#bdPlUAUª_kw`tbnU=jle=UDÑ2eot
^ i+`Ò5gioTlmbnkySkU=r{` µi `cBe{PbnPlvb30
(∇u)i − µiq̄i = 0
Ñ2S ü  Ò
ØkbdP
µi = 0








BV − l1 ySrngilU!T¿kw`AjSgibeU!vir!$q;rdg+SU!T Ñ2SáùIIÒe!vIjÌBU6`dgiiU!z×¡$kmbnPÌg+SrvIhigirnkbdPST¥­S_bËz_gaU,`jlgIbË`cU!U=T U,`cyFU!e=kvi^×`ckTVySU=rDbdPlvij¢bnPSUySrdkTvI
ylrdg+SU!T
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X = Y n «UL¡$k`tbnlz_^VbdPlk`TVg_z_U=F¡$kmbnPËbt¡gz_kú~U=rnU=j0bylrdkgir{` J ­OQPSU¯lrn`cb#g+jSUAkw`#bdPSUbngIb{vIvIrnkvIbdkgij0















































å=Úß F_ã)àpÚäÂÚtæ P2 àwå{F_äBàUaFlÜÒ
ê  ¸¸  Og.ySrngiUDbnPSk`ySrngiyFg+`dkmbnkg+j¥¯Brn`cbrnU=TvIrn²6bdPBvbko
amplitude(f) < 2α
bdPSU!j§bdPSU`cg _bnkg+jl`VvIrnUËbdPlUe=gijl`cbnvij0bn`gIoAbnPSUkj0bdU!rdvi





amplitude(f) ≥ 2α kmbQkw`;U,vi`d^bngylrdg+UAbnPlvbfbnPSU
TVkjSkTSTøgIobdPSU`dgi_bnkg+jTl`cbfBU
U,±0lvIbng







l∞ ç â{ÚIäSåã2ènÝàéälã2åàéä>àéÛÝ=ê0ÜQÞ~èdÚ!â{Üå{å{àéäaê +
_ ut `$d~CnÅ Ç¸¢d~zp~@z?b¢dzdc_Qz}~ae³d.~¿|E.~
«Ue!vIjstl`cbdko^VySrngiyFU=rn^bdPSU,`cUTDg_z_U!`;a^l`dkjSh'bdPlUATvª_kTST¬v'yFg+`cbdU=rnkgirnkÑp¦.uAq#Ò5ogirnTVvikw`dT
\alySyBg0`cUbdPBvb














{P (u|f)} = sup
u






{−log(P (f |u))− log(P (u))} Ñ¤ùa i+Ò
AgIbdUDbnPlvb
P (fi|ui) = 12α g [ui−α,ui+α] uA`LbnPSUjSg+k`dUkw`ySkª_U=¡$k`dUVkjlzSU=yFU=jlzSvij0b!¥ P (f |u) kw`h+k+U=j0^0
P (f |u) =
{
0

























Q : Y → 2α å









Q−1(f) = {u, f = Q(u)} = {u, |u− f |∞ ≤ α}
Ñ¤ùa   Ò
ikjmlonqpmnqpmrsPpZpZnqtBuqvn w$xyv^pZzBrorsPpZv{XlA|{}nq~0|PvkpmlA|k.v(|tsPz 8o v  |~
rouqn {Xz  vP
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i A Ü=àwånåCBEDF<G{Ü=èãHB6IfßÝä~â çJLK èdÝ-F<M
}H/9
/H3/H2F
[0, 1]  
H3/2 U([−0.2, 0.2])  )37B ¢¡
¤£¥




















f(i + 1, j) − f(i, j) > C > 2α bdPSU!jbdPSUD`cU=b {u ∈ X, |u − f |∞ ≤ α}g+jS^>eg+j+b{vIkjl`LkTvihiU!`L¡$PSkwe{PÂ`dvIbdkw`to^










bng6`cg++U P2 ¡$PSkwe{P kw`'`clySyBg0`cU,z.U,vi`dkU!rv+` J2 k`'z_kú~U=rnU=j0bdkwvISUi UË`d²aky>bdPSUylrdgagIovi`bdPSU  Çylrdg+SU!T½kw`QjSgIb$bnPSUbdg+ySkeLgiobnPSk`fylvIyFU=r,
OQPSU
2 − D e=v+`cU
U!v+zS`$bngjSU!¡û`cSrnySrnk`dU!`!fOQPSU
jlgij.Sjlk±0SU!jSU!`n`fkw`AjlgIbv+`fySrngijSg+Sjle=U!z6vi`AkjbnPSU














max(f) − α ×u$ebdBvI^«bdPlUjaSTVU=rnkwe=vIQ`dgi_bdkgij×¡Uh+UbDk`Vv.jlU=¡`dSyFU=rnyBg0`ckbdkgijgIoe^akjlzSU=r{`'Ñpeot2#gibcbngiT  Uoéb
Ñ2L\Ò#¯lhilrdUMÒ





jlU=¡¬±+BvIj0bdk=U,z kTvIh+UiËOQPSUb2gibcbdg+T  x$khiP0bËÑH2QxAÒLylkebdSrnUËkj°Ñ)iÒLkw`bdPlU`cg+Sbdkgij«gIo P2 OQPlk`oljlebnkg+jPBvi`bdPlULTVkjSkTVvi`dSrcopv+eUkjbnPSU








iü A Ü=àwånåCBEDF<G{Ü=èãHB6IfßÝä~â çJLK èdÝ-F<M
£ khiSrnU«.0×Ov\é0AW#gijlU  O$x 0d4lvIj0bdk=U,zÎeg+jSU2




l∞ ç â{ÚIäSåã2ènÝàéälã2åàéä>àéÛÝ=ê0ÜQÞ~èdÚ!â{Üå{å{àéäaê j
}H­
1HHyH  
®m¯JE£H°3B ±m& 10 &²&H  +³ JB´F/E£H°3B y³¡
£¥
BV − L∞  ?)&´EE£°&& ¦¡
¤£¥ MinSurface− L∞
©,©*µA¶·B¸P¸7¹























¤» |∇u|2 > 0
0
£¥&¡
 á ºEÂ â­Eã
ÇJ Ë¤£JÊ&¢Ð/¥A¡
8£¥£
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k²+U;bngAbnPlvIjS²
uAU=ª_k`a2QvIBz_giSrogirl`dUoS_TvIbdP U!Tvbdkwe=viz_kw`de=l`d`dkgijl`!
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ÝènÜã Ð ÚËâ{ÚäõMÜ÷öLæCF_äFâ=ã2àpÚIäFÝIß åÚtæ Y n àéälã Ú Y + B#ÝäM λ àwåÝèdÜ{ÝßÚtæ Y + ÒÓ ÏSÜfÞ~èdÚjG=ßÜ=Û Õ
inf






{F (u)} Ñt+ +ü+Ò
ÏlÝMåÝVå=Ü=ãÚcæå=Úß F_ã)àpÚälå
UαÓ ÏSÜ=ähÕ
∀λ, ∀u ∈ Uλ, ∃α ∈ Y +, u ∈ Uα Ñci j0ÒDäMâ{ÚäõMÜ=è{å=ÜßöVbÕ
∀α, ∀u ∈ Uα, ∃λ ∈ Y +, u ∈ Uλ Ñt+,i0Ò÷ ÜèdÜ
Uλ









u/q;rdg+yBU!rcbt^gIo­bnPSU¦6kjSkTST ç­U!ebdg+rn`gIo#v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